We studied the clinicopathologic features of 42 cases of nasal-type extranodal natural killer (NK)/T-cell lymphoma in Singapore and compared our findings with other series reported in the Asian and Western populations. A panel of immunohistochemical stains, which included CD2, CD3, CD4, CD8, CD56, T-cell intracellular Antigen-1 and granzyme B, and in situ hybridization for Epstein-Barr virus encoded RNA (EBER) were performed. Polymerase chain reaction for T-cell receptor-gamma gene rearrangement using both gel and capillary electrophoresis were evaluated to determine the proportion of tumors which are of true T-cell lineage. We also studied the functional status of the overexpressed p53 protein in these lymphomas by correlating p53 expression with its downstream target protein, p21. In all, 31 out of 42 cases presented in the upper aerodigestive tract. The other sites of involvement included gastrointestinal tract, skin, soft tissue, testis, liver, spleen, bone marrow and brain. The tumors displayed characteristic morphologic features. In situ hybridization for EBER was detected in 41 out of 42 cases (97.6%). The only significant adverse prognostic factor identified was an International Prognostic Index of two or more. A significantly higher proportion of the tumors (27%), compared to previous studies, demonstrated monoclonal T-cell receptor-gamma gene rearrangement. There was, however, no difference in survival or clinicopathologic features between the true NK-cell tumors and their T-cell counterparts. Overexpression of p53 was present in 40% of the cases, but no significant difference in survival rate was detected in patients with p53 overexpression and there was no association between p53 overexpression with large cell morphology, and advanced stage of disease. These findings suggest that molecular aberrations other than those of the p53 pathway may be operative in the pathogenesis of this malignancy.
nasal region. Identical tumors may also be encountered in other extranodal sites, including skin and subcutaneous soft tissue, gastrointestinal tract, and testis. 2, 4 These neoplasms often pose difficulties in diagnosis and classification as a result of their rarity, lack of well-established etiologic and genetic data, and very importantly, heterogeneity in their clinical, morphologic and immunophenotypic attributes. Although frequently implicated in the pathogenesis of many human cancers, the role of p53 as a prognostic and predictive factor and its involvement in the pathogenesis of nasal-type NK/TCL is unclear. A few studies have noted a high incidence of p53 overexpression and/or mutations, 12, 13 and some investigators also found an association between p53 mutation with large cell morphology and advanced disease. 14 In this study, we describe the clinicopathologic and genotypic findings of 42 cases of nasal-type NK/ TCL in Singapore, which is a multiracial society populated predominantly by Asians, and compared our findings with those of other series reported in the Eastern 8, [15] [16] [17] [18] and Western populations. [19] [20] [21] [22] We analyzed the clonality of T-cell receptor-g gene using both traditional agarose gel electrophoresis and highly sensitive capillary electrophoresis in order to determine the proportion of NK/TCL that are of true NK derivation and compared these tumors with their T-cell counterparts with regards to their histologic features and clinical behavior. To investigate the prognostic importance and role of p53 in the pathogenesis of NK/TCL, we studied the immunohistochemical expression of p53 and evaluated the functional status of the overexpressed protein by correlating with the expression of its downstream target protein, p21.
Materials and methods

Case Selection
Patients with a diagnosis of extranodal Angiocentric T cell and NK/TCLs were identified from the archives of the Department of Pathology, Singapore General Hospital, from the period of 1992 to 2002. The pathologic diagnosis and classification of nasal and non-nasal NK/TCLs were based on the criteria described by Jaffe et al. 6 Cases were classified as NK/TCL when they showed (i) histologic features of nasal and nasal-type malignant lymphoma, (ii) expression of T-cell marker (CD2 and/or cCD3), CD56 and cytotoxic molecules, (iii) expression of Epstein-Barr virus encoded RNA (EBER) by in situ hybridization, and (iv) absence of B-cell phenotype with CD20. For cases which were negative for EBER, T-cell receptor-g gene must be in the germline configuration for them to be categorized as NK/ TCL. The cases which were negative for CD56 but positive for both cytotoxic markers and EBER were also included.
In all, 71 cases of extranodal NK/TCL and NK-like TCLs were selected for review. Four cases of extranodal peripheral TCLs not otherwise specified, one case of angioimmunoblastic TCL, eight cases of subcutaneous panniculitic-like TCL, one case of cutaneous anaplastic TCL, five cases of NK-like TCLs with similar histologic features but lacked EBER expression and displayed clonal T-cell receptor-g gene rearrangement, and 10 cases with no additional tissue available for immunohistochemical or molecular workup were excluded. The remaining 42 cases formed the basis of this study.
Clinical Findings
The clinical information was obtained from the hospital's medical records. Information regarding the survival status was available from the Singapore Cancer Registry and the Registry of Births and Deaths for 38 cases. Four cases were lost to followup. The patients were staged clinically according to the Ann Arbor system, 16 except for cases with skin tumors, which were staged according to the TNM staging of cutaneous TCL. 23 Survival was analyzed as a function of time from histologic diagnosis to the last date of follow-up in December 2002, using Kaplan-Meier product limit method. The upper aerodigestive tract included nasal, paranasal sinuses, nasopharynx, pharynx, oral cavity, hypopharynx and tonsillar regions. Patients with tumors manifesting at a different site, 6 months after the initial diagnosis, were considered to have dissemination of the disease. The association of various clinicopathologic parameters with survival time was assessed and these included age, sex, stage, International Prognostic Index (IPI), various treatment modalities, site of tumors, size of tumor cells, EBER expression, and cell lineage. The statistical analysis was undertaken using SPSS software for Windows, version 10. Two-sided P-value less than 0.05 was considered statistically significant.
Histologic and Immunophenotypic Studies
The morphologic features of the cases studied were evaluated on 4-mm tissue sections cut from formalinfixed, paraffin-embedded tissue blocks and stained with hematoxylin and eosin. The tumors were assessed independently by two of the authors (SBN and IS) for the presence of necrosis, accompanying inflammatory infiltrate, and angiocentricity. The cases were also stratified, according to the size of the tumor cells, into (i) predominantly small, (ii) medium and small, or predominantly medium, (iii) large and medium, or predominantly large, and (iv) mixed category with a spectrum of small to large tumor cells.
For immunohistochemical analysis, 5-mm tissue sections from formalin-fixed, paraffin-embedded blocks of tissues were stained with antibodies to CD20 (L26, Ventana, neat), CD2 (2CO2, Neomarker, 1:100), CD3 (polyclonal, Ventana, neat), CD8 (C8/ 144b, Dako, 1:100), CD4 (4B12, Novocastra, 1:500), CD56 (123C3.D5, Neomarker, 1:150), T-cell Intracellular Antigen-1 (TIA-1, ImmunoTech, 1:250), Granzyme B (GrB-7, Dako, 1:100), p53 (DO-7, Dako, 1:1500), and p21 WAF1 (SX118, Dako, 1:50), using the streptavidin-biotin complex technique with microwave and pressure cooker antigen retrieval methods. Appropriate positive controls were used for all immunohistochemical stains. Staining for cCD3, CD4, CD8, CD56, TIA-1 and granzyme B was considered positive when 10% or more of the abnormal lymphoid cells showed positive immunoreactivity. Normal colonic mucosa and reactive tonsils were used as positive controls for p21. [24] [25] [26] Immunohistochemical reactivity for p21 was scored as follows: 0, o5% of tumor cell nuclei positive; 1 þ , 5-o10% of tumor cell nuclei positive; 2 þ , 10-o20% of tumor cell nuclei positive; 3 þ , 20-o30% of tumor cell nuclei positive; 4 þ , 30% or more of tumor cell nuclei positive. Immunohistochemical expression of p53 was scored as follows: 0, o10% of tumor cell nuclei positive; 1 þ , 10-o25% of tumor cell nuclei positive; 2 þ , 25-o50% of tumor cell nuclei positive; 3 þ , 50-o75% of tumor cell nuclei positive; 4 þ , 75% or more of tumor cell nuclei positive.
In Situ Hybridization
In situ hybridization for EBER was performed using Dako Peptide Nucleic Acid in situ hybridization detection kit. Paraffin sections (4 mm) were deparaffinized with xylene, treated with proteinase K, and hybridized with fluorescein-conjugated peptide nucleic acid probe. After stringent washing, alkaline phosphatase-conjugated rabbit F(ab') antifluorescein isothiocyanate conjugated was added followed by enzyme substrate bromo-chloroindoyl phosphate/nitroblue tetrazolium for detection. A blue or brown-blue color within the nucleus was considered a positive reaction. A known EpsteinBarr virus-positive tumor was used as a positive control. For cases with negative reaction to EBER, a positive control directed against glyceraldehyde 3-phosphate dehydrogenase was performed to assess the quality of the RNA.
Polymerase Chain Reaction (PCR) with Gel and Capillary Electrophoresis
For PCR amplification of the T-cell receptor-g locus, sections were cut from formalin-fixed, paraffinembedded tissues, deparaffinized with xylene and ethanol. After overnight digestion with proteinase K, DNA was extracted using the QIAamp mini kit (Qiagen, GmbH, Germany). The concentration of DNA extracted was measured by a spectrophotometer. A multiplex PCR reaction was performed as previously described, 27 using three consensus primers complimentary to all the three known joining region genes (Jp, J1/2 and Jp1/2) and five concensus primers complimentary to the different families of variable region genes (V) ( Table 1) . A 50 ml PCR reaction mixture was prepared using PCR reaction buffer (Invitrogen), 3 mM of magnesium chloride (Invitrogen), 100 mM of each dNTPs (Promega), 0.6 mM of each primers, and 1.25 U of platinum Taq polymerase (Invitrogen). Samples were run in duplicate, together with positive and negative controls. A total of 40 cycles of PCR was performed in a Hybaid Omnigene thermal cycler. The PCR products were electrophoresed in 3.5% NuSieve s
GTG
s agarose gel and visualized with ethidium bromide. The expected molecular weight of the appropriate PCR products range in size from 160 to 220 base pairs. PCR using primers to b-globin/ house-keeping gene was also performed to assess the integrity of the DNA. The presence of a clonal T-cell population was determined by the identification of 1 or 2 reproducible bands. Nonreproducible and smear patterns were interpreted as negative (polyclonal).
Capillary electrophoresis was performed as described previously, 27 using the ABI PRISM 310 Genetic Analyzer (Applied Biosystems, CA, USA). PCR products (2 ml) were mixed with 10 ml of deionized formamide (Sigma) and 0.5 ml of GENESCAN-350t ROX DNA size standard (Applied biosystems, CA, USA). Injection was set at 5 s, 15 kV and running at 15 kV, 601C. Each joining region gene primer was tagged with a fluorescent dye and represented by the following colors: Jp with 6-Fam: blue, J1/2 with NED: black, Jp1/2 with VIC: green, and the Rox size standard: red. The presence of a clonal T-cell population was determined by the presence of 1 or 2 reproducible peaks which had to 
Results
There were 42 cases, of which 35 (83%) were Chinese, five were Malays, one was Indian, and one was a Eurasian (Table 2 ). This approximately reflects the distribution of the ethnic groups in Singapore. 28 The mean age was 44 years. There were 34 (81%) males and eight (19%) females.
Of the 42 cases, 35 cases had localized disease while seven had disease involvement in two or more sites. The upper aerodigestive tract was the most common site of presentation, being involved in 31 out of 42 cases (74%). The other sites of manifestation included the skin, gastrointestinal tract, testis, soft tissue, brain, liver, spleen and bone marrow. In all, 32 out of 39 patients (82%) presented with stage I and II disease, and the remaining 18% presented with advanced disease (Table 3) . A total of 21 patients (60%) with NK/TCL with follow-up data had low IPI of 0-1 while the other 14 (40%) had IPI score of 2 or more. Of 30 patients, 20 (68.5%) were treated with chemotherapy, one patient (2.9%) with radiotherapy, and six (20%) with both chemotherapy and radiotherapy. Of 38 patients 
Ch, chinese; Ma, Malay; In, Indian; M, male; F, female; GIT, gastrointestinal tract; CSF, cerebrospinal fluid; * , pseudospikes; G, germ line; R, rearranged; TIA-1,T-cell intracellular antigen-1; EBER, Epstein-Barr virus encoded RNA; ND, not done.
Nasal-type NK/TCL SB Ng et al with follow-up information, 30 had died ( Table 3) . The histologic features of the NK/TCL were similar irrespective of the site of involvement. Of the 42 cases, necrosis was observed in 26 (62%) and angiocentricity (Figure 1a ) in 22 cases (52%). Apoptosis was another common feature encountered in almost all the cases. The lymphoid infiltrate was frequently polymorphous with accompanying eosinophils, plasma cells and histiocytes. The neoplastic lymphoid cells demonstrated a broad spectrum of appearances, ranging from small cells (Figure 1b) with irregular serpentine nuclei (9.5%), medium-sized cells (28.5%) (Figure 1c) , to large pleomorphic cells with vesicular nuclei and prominent nucleoli (43%) (Figure 1d) . A total of 19% of the cases displayed a mixture of small to large cells. Clear cytoplasm was noted in seven cases (17%). In one case (case 35), a 63-year-old man with neutropenia and thrombocytopenia, was diagnosed as an aggressive NK-cell leukemia/lymphoma. He presented with skin tumors and hepatosplenomegaly, and his bone marrow aspirate showed atypical large granular lymphocytes in 20% of the granulocytes.
All the patients showed positive staining for cCD3 and TIA-1. The majority of the cases (71%) were negative for both CD4 and CD8. Of all the cases, 20% were CD4À/CD8 þ , 7% were CD4 þ /CD8À, and 2% were CD4 þ /CD8 þ ( Table 2 ). Immunoreactivity for CD2 was observed in 73% of the cases, CD56 expression was present in 74%, and granzyme B in 88% of the tumors. Except for one nasal tumor (case 21), all cases expressed EBER (97.6% of all cases) (Figure 1e ).
T-Cell Clonality with Gel and Capillary Electrophoresis
Monoclonal T-cell receptor-g gene rearrangement was detected in 11 out of 41 cases (27%) of NK/TCL analyzed, while the remaining 30 (73%) had germline T-cell receptor-g gene (Figs 2 and 3 ). Of the 11 cases which showed clonal T-cell receptor-g gene rearrangement, eight cases were in the upper aerodigestive tract, one in the skin, and one each in the testis and brain (Table 2) . Tumors with clonal T-cell receptor-g gene rearrangement revealed similar histologic features to those which were polyclonal for T-cell receptor-g gene. Comparing the results of T-cell clonality with CD56 expression, we found that six out of the 30 cases (20%) of true NKcell tumors with germline T-cell receptor-g gene were CD56 negative, while five out of 11 cases (45%) of the T-cell-derived tumors lacked CD56 expression. As defined earlier in this study, the only case which was negative for EBER had germline T-cell receptor-g gene. In 24 out of 30 cases interpreted as polyclonal for T-cell receptor-g gene, nonreproducible pseudospikes were noted in the capillary electrophoresis.
p53 and p21 Expression
Immunohistochemical evaluation of p53 and p21 were performed to obtain indirect information about the functional status of the p53 gene. 29 . The p53 þ / p21 þ pattern (Figure 4a and b) was present in 10 out of 42 cases of NK/TCL, while the p53 þ /p21À pattern was observed in seven cases and the p53À/p21 þ pattern was seen in nine cases ( Table  2 ). The p53À/p21À pattern was the predominant pattern and was present in 16 out of 42 (38%) cases. No significant association between p53 overexpression (410% of tumor cells with positive staining) and size of tumor cells was detected. There was also no statistically significant association between p53 overexpression with advanced stage of disease, and decreased survival.
Survival
The mean survival time was 30 months (Figure 5a ). Patients with NK/TCL with low IPI had significantly better survival rate than patients with IPI of 2 or more (median survival 8.7 vs 2.7 months, P ¼ 0.015) (Figure 5b ). Patients younger than 60 years and female patients appeared to have longer survival time (Figure 5c and d) , although the differences were not statistically significant (P ¼ 0.052 and P ¼ 0.173, respectively). There was no significant decrease in survival rates with advanced stage of disease, p53 overexpression and large cell size. No survival advantage was detected between tumor sites, treatment modalities, EBER expression, and cell lineage. IPI, international prognostic index; R, radiotherapy; C, chemotherapy; R+C, radiotherapy and chemotherapy.
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Discussion
Extranodal NK/TCL includes several distinct entities, of which nasal-type NK/TCL, enteropathy-type TCL, and subcutaneous panniculitic-like TCL represent the prototypic examples. 2 The classification of extranodal NK/TCL is based on a constellation of clinical, morphologic, immunophenotypic and 
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SB Ng et al genetic features. 2 These tumors almost invariably show a cytotoxic T-or NK-cell phenotype and the prevalence of Epstein-Barr virus relates to the geographical origin of the patient and anatomic sites of involvement, being more frequently positive in the nasal than intestinal or subcutaneous tumors. 6 Disease definition is thus, heavily dependent upon clinical findings, rather than the cell lineage. 2 These tumors have in common, many clinicopathologic features and similar tumors may show variation in immunophenotype and genotype. As such, many of them cannot be neatly classified according to the recognized categories.
The nasal-type NK/TCL in this study showed clinicopathologic findings similar to those of previous studies in Asian and Western countries. 8, 15, 19, 20 In all, 82% of our cases presented with stage I and II disease, while 18% had stage III and IV disease at presentation. The sites of initial involvement included upper aerodigestive tract, skin, gastrointestinal tract, liver, spleen, bone marrow, testis, lung, brain and soft tissue. The cases had similar histologic features, which encompassed angiocentricity, necrosis, ulceration, apoptosis, and a polymorphous inflammatory infiltrate. All cases expressed at least one T-cell marker and one or both markers for cytotoxic granule protein. CD56 expression was noted in 74%, and the majority was negative for CD4 and CD8. NK/TCL is strongly associated with Epstein-Barr virus in all geographic areas studied. The strength of association is reported to vary from 100 to 75% in the Asian populations. 16 Some studies in the Caucasian population also detected a strong but not invariable association with Epstein-Barr virus. 16, 30 In extranasal sites, the association with the virus is more variable, 30 and Tsang et al 31 reported EBER expression in 62.5% of non-nasal CD56-positive TCLs. In this study, 96.7% of the cases of NK/TCL in the upper aerodigestive tract and all the tumors in the extranasal sites were positive for EBER. In the majority of these cases, Epstein-Barr virus signals were detected in the nuclei of many tumor cells. A few cases, however, showed more focal positivity for the viral RNA. Patients with low IPI showed significantly better survival rates than patients with IPI of two or more. Younger female patients also appeared to have a longer survival time, although this was not statistically significant. Survival rate did not correlate with anatomic sites, EBER expression, cell size and cell lineage. In contrast to the study by Ko et al, 8 we did not find any association between stage and survival time. Most cases of NK/TCL have an NK-cell phenotype as indicated by the absence of surface CD3, presence of CD56 and CD3e in the cytoplasm, and lack of T-cell receptor gene rearrangement. However, a minority of these tumors with indistinguishable clinical, histologic and immunophenotypic features may express a T-cell phenotype and show monoclonal T-cell receptor gene rearrangement.
1,2,6,19 A recent study described the presence of restricted killer immunoglobulin-like receptor repertoire and monoclonal T-cell receptor gene rearrangement in six out of 15 cases of sinonasal lymphomas, suggesting a mixed NK/T-cell differentiation in a subset of these tumors. 32 The cell lineage of NK/TCL has been evaluated in several studies using molecular genetic techniques. In the nasal-type NK/TCL, clonal T-cell receptor gene rearrangement detected by either Southern blot hybridization or PCR, has been reported in three of 13 cases, 33 one of 11 cases, 34 none of 21 cases, 35 none of six cases, 36 and three of 31 cases. 8 Taken together, seven of 82 cases (8.5%) were reported as having a T-cell lineage. Except for that of Ko et al which employed a seminested PCR method with reported sensitivity of 78-100%, most of the other studies utilized simple PCR technique with sensitivity of about 70%. 8 Two studies using multiplex PCR method with improved sensitivity, have reported clonal T-cell receptor-g gene rearrangement in one of nine cases 37 and one of 14 cases 20 of NK/TCL. Notably, we identified clonal T-cell receptor-g gene rearrangement in a significantly higher proportion (27%) of our cases, compared to the earlier studies mentioned. 8, [33] [34] [35] [36] We adopted a highly sensitive multiplex PCR method 28 and analyzed the amplified PCR products by capillary electrophoresis using an automated DNA fragment analyzer, which is not only of higher sensitivity than conventional gel electrophoresis, but also allows semiquantitative analysis and highly precise determination of PCR product sizes within 1 base pair. Other advantages include rapid turnaround time and more efficient use of technologist resources. 12 Capillary electrophoresis has been described as a more objective and sensitive technique than gel electrophoresis in establishing clonality in peripheral TCL, 12, 27, 38 but this method has yet to be evaluated in the analysis of NK/TCL. In this study, we found capillary electrophoresis to be particularly useful for detecting monoclonal peaks within polyclonal backgrounds, identifying small clonal populations, and distinguishing pseudospikes from true monoclonal peaks. This highly sensitive detection technique is superior to conventional gel electrophoresis and probably accounts for the higher proportion of true T-cellderived tumors in this study. Interestingly, pseudospikes were noted in 24 out of 30 (80%) cases which lacked clonal T-cell receptor-g gene rearrangement. Lee et al 39 described pseudospikes as a common finding when they used capillary electrophoresis and examined the spectrum of normal patterns for T-cell receptor-g gene in a variety of T-cell rich, histologically benign tissue types, and compared this with the patterns in TCLs. An important distinguishing characteristic of the pseudoclonal pattern is the absence of reproducibility in duplicate reactions. The exact clinical significance of these 'pseudospikes' or 'oligoclonal peaks' in NK/TCL remains unascertained and it is unclear whether they are a result of tumor heterogeneity, random amplification of a low number of T cells in the samples, or related to the frequently abundant background polyclonal T-cell targets present in NK/TCL, which effectively compete with the monoclonal population during amplification. 40 Mutation of the p53 gene is frequently implicated in the pathogenesis of many human cancers. The wild-type protein is normally present in cells at undetectable levels because of its very short halflife. The presence of missense mutations in this gene leads to an enhanced stability of the protein, allowing its detection by immunohistochemistry. 41 However, some mutations of p53 gene do not result in its accumulation, while functional inactivation of the gene resulting in detectable amounts of p53 protein, can occur in the absence of mutations. 29 A few studies have reported a high percentage of p53 overexpression in nasal NK/TCL 29, 13 and QuintanillaMartinez et al 14 found an association between p53 mutations with large cell morphology and advanced disease. We studied the functional status of the overexpressed p53 protein in NK/TCL by correlating the expression of p53 gene with its downstream target protein, p21, which is a cyclin-dependent kinase inhibitor shown to be a good surrogate marker for the functional status of p53 gene. 42 When there is overexpression of wild-type functional p53, p21 protein is usually detectable, whereas the absence of p21 correlates with the presence of missense p53 mutations. In all, 10 out of 42 cases (24%) in our study showed the p53 þ /p21 þ staining pattern, indicating accumulation of wild-type functional p53 protein. In seven cases (17%), the p53 þ /p21À pattern was detected, which may indicate the presence of a p53 gene mutation. However, functional inactivation of p53, resulting in detectable amounts of inactivated protein, can occur via mechanisms other than mutations. Some of these mechanisms proposed include binding of p53 to viral proteins, such as Epstein-Barr virus, and deregulation of the mdm2-induced p53 degradation. 29 The p53À/p21 þ pattern was seen in nine of 42 cases (21%). This pattern of staining seemed to suggest that p21 is upregulated independent of p53 gene status. The p53À/ p21À pattern was the predominant pattern of staining seen in 38% of the tumors, suggesting the absence of abnormality of the p53 pathway in these tumors. However, other than missense mutations, some mutations in the p53 gene do not result in the accumulation of the protein. 43 Overall, p53 overexpression was detected in only 40% (17/42) of the tumors, indicating that other genetic aberrations, in addition to alterations in the p53 pathway, may be operative in the pathogenesis of these neoplasms. No significant difference in survival rate was detected in patients with p53 overexpression. There was also no association between p53 overexpression with large cell morphology, and advanced stage of disease.
In summary, NK-cell malignancies are aggressive neoplastic disorders with distinctive clinicopathologic profile, genotypic features, and geographical distribution. In this present study, NK/TCL with a low IPI showed significantly better survival rates than patients with IPI of two or more. Unlike previous studies on NK/TCL, a significantly higher percentage (27%) of the lymphomas in our study showed clonal T-cell receptor-g gene rearrangement by PCR gel and capillary electrophoresis. Even though there was no significant association between survival and cell lineage, it remains unclear if this Tcell subset forms a distinct entity, or if a true mixed NK/T-cell differentiation exists. 32 Aberration of the p53 pathway was present in 40% of the cases but no significant difference in survival rate was detected in patients with p53 overexpression and there was also no association between p53 overexpression with large cell morphology, and advanced stage of disease. The etiology of this tumor remains to be elucidated, although a consistent association with Epstein-Barr virus infection suggests that this virus may be involved in the pathogenesis. Further studies are required to delineate molecular and biologic markers to facilitate the diagnosis, and to develop more effective treatment strategies.
